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© A semiconductor device and method of manufacture. 

© A semiconductor substrate (3) is utilised to 
integrally form a drive circuit (8) and a pixel 

fZ B L { ) *? pro ^ a transparent semiconduc- 
tor device for a light valve. 

The semiconductor device for a light valve is 
constructed by the semiconductor substrate (3) 
having an opaque portion (1) and a thin transpa- 
rent portion (2) The pixel array (9) is formed in 
the transparent portion. The drive circuit (8) is 
formed in a top face of the opaque portion (1) A 
transparent support substrate (5) is laminated 
to the top face of the. semiconductor substrate 
(3) for reinforcement A bulk of the semiconduc- 
tor substrate (3) is removed from a back face by 
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The present invention relates to a semiconductor 
device for a light valve and a production method 
thereof. More specifically, but not exclusively, the 
present invention relates to a transparent semicon- 
ductor device and method of manufacture of such a 
transparent semiconductor device for use as driving 
substrate of a flat light valve such as an active matrix 
liquid crystal display device. 

Figure 26 shows a general construction of a typ- 
ical driving substrate used in an active matrix liquid 
crystal display device. The driving substrate 1001 has 
formed integrally thereon, a pixel array 1002 and a 
peripheral drive circuit including an X-drive 1003 and 
a Y-drive 1004 by known integrated circuit (IC) fabri- 
cation processes. 

Figure 27 schematically shows the pixel array in 
more detail. A thin film transistor (TFT) 1007 is ar- 
ranged to switch a pixel 1008 at each intersection be- 
tween plural scan lines 1005 and plural signal lines 
1 006. The TFT 1 007 is connected at its gate electrode 
to a corresponding scan line 1005, connected at its 
source electrode to a corresponding signal line 1006, 
and connected at its drain electrode to a correspond- 
ing liquid crystal pixel 1008. The liquid crystal pixel 
1 008 is composed of a liquid crystal layer sandwiched 
between the driving substrate and a counter sub- 
strate. While the scan lines 1005 are scanned to se- 
lect and open the TFTs 1 007, the signal lines 1 006 are 
accessed to write an image signal into the corre- 
sponding liquid crystal pixels 1008. 

The TFT is composed of a semiconductor thin 
film material conventionally selected from polysilicon 
or amorphous silicon. However, these materials have 
a relatively low mobility. Hence, it would be difficult to 
utilise the TFT for a transistor element of the periph- 
eral drive circuit In view of this, another technology 
has been developed recently such that a single crys- 
tal silicon (monosilicon) transistor is formed to consti- 
tute a peripheral drive circuit element, as disclosed for 
example in Japanese Patent Publication No. 3- 
100516 (Tokkaihei). This prior art utilises a composite 
substrate comprised of a monosilicon wafer laminated 
on another wafer composed of a transparent insulat- 
ing material such as quartz glass. The monosilicon 
wafer is partly removed by etching so that a pixel ar- 
ray is formed on an exposed surface of the quartz 
glass wafer, while a peripheral drive circuit is formed 
in the remaining part of the monosilicon wafer. 

However, when a high temperature IC process, 
over 1000°C, is applied to the composite substrate 
comprised of a laminate of the quartz glass wafer and 
a monosilicon wafer, the substrate is deformed due to 
the thermal expansion difference. This disadvanta- 
geous^ hinders the yield rate and reliability. In view 
of the aforegoing, an object of the present invention 
is to construct a semiconductor device for a light valve 
by using a stable substrate free thermal deformation. 
According to the present invention, there is pro- 



vided a semiconductor device for a light valve com- 
prising 

a substrate having an opaque portion and a 
transparent portion, 
5 a pixel formed on the transparent portion, 

a drive circuit formed on the opaque portion for 
driving the pixel, characterised by 

a transparent support substrate laminated to 
the substrate over at least the pixel. 
10 The solution to the above noted problem of the 

prior art and to achieve the object of the present in- 
vention will now be described with reference to figure 

First, as shown in figure 1{B), the inventive sem- 
15 iconductor device for a light valve is formed of a sem- 
iconductor substrate 3 having an opaque portion 1 of 
a certain thickness, and a transparent portion 2 free 
of said thickness. The semiconductor substrate jn the 
opaque portion has a thickness sufficient to prevent 
20 light transmitting. Typically, over 1 0*im in thickness. 

The semiconductor substrate 3 is composed of a 
bulk monosilicon (single crystal silicon) wafer. A pixel 
array is formed in the transparent portion 2 along a 
major face 4 of the semiconductor substrate 3, while 
25 a drive substrate is formed in the opaque portion 1 
along the same major face 4. 

Further, a transparent support substrate 5 com- 
posed of, for example, quartz glass is superposed on 
the major face 4 of the semiconductor substrate 
30 where the pixel array and the drive circuit are provid- 
ed. 

Preferably, the support substrate 5 is bonded to 
the semiconductor substrate 3 through a protective 
film 6 and an adhesive layer 7. The transparent sup- 
as port substrate 5 can be constituted by the adhesive 
layer 7 itself or both the adhesive layer 7 and a level- 
ling layer (not shown in figure 1) which is interposed 
between the adhesive layer 7 and the protective layer 
6. 

40 An incomplete form of the semiconductor device 

shown in figure 1 (B) is illustrated in figure 1(A). As de- 
scribed before, a high temperature IC process is ap- 
plied to the semiconductor substrate 3 to form con- 
currently the drive substrate 8 and the pixel array 9. 

45 In this construction, the drive circuit 8 contains a sin- 
gle crystal transistor 10 formed directly in the major 
face 4 of the semiconductor substrate 8. The pixel ar- 
ray 9 contains a switching element in the form of a 
TFT 11 and a pixel electrode 12. This pixel array 9 is 

so formed on an underlying insulative film 13 provision- 
ally provided along the major face 4 of the semicon- 
ductor substrate 3. The pixel array 9 and the drive cir- 
cuits are interconnected to each other through a met- 
al lead 14 on the same substrate. 

55 Figure 1(C) shows an active matrix liquid crystal 

display device constructed of the semiconductor de- 
vice shown in figure 1(B) for a light valve. The liquid 
crystal display device is constructed by using a cavity 
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formed in the transparent portion of the semiconduc- 
tor substrate 3. An orientation film 14a is formed on 
the back of the underlying insulative film 13 exposed 
in the transparent portion. Further, a transparent 
counter substrate 16 is laminated through a spacer 15 s 
composed of a seal material. A common electrode 17 
and an orientation film 18 are formed on an inner face 
of the counter substrate 16. A liquid crystal layer 19 
is filled between the orientation films 14a and 18. 
Though not shown in figure 1(B), a levelling layer 20 10 
is preferably interposed between the protective film 6 
and the adhesive layer 7. Further, a periphery of the 
transparent support substrate 5 is partly removed to 
expose an electrode terminal for external connected 
(pad electrode) 23. 15 

The description will now turn to a production 
method of the inventive semiconductor device for a 
light valve again with reference to figure 1. As shown 
in figure 1(A), the first step is to form the pixel array 
9 and the drive circuit 8 on the major face 4 of the 20 
semiconductor substrate 3. Since the semiconductor 
substrate 3 is composed of, for example, a bulk mono- 
silicon wafer, a high temperature IC process is directly 
applied in a manner similar to regular LSI fabrication 
technology. Further, the TFT 11 contained in the pixel 25 
array 9 and the single crystal transistor 10 contained 
in the drive circuit 8 can be fabricated by the same 
process. In this first step, the underlying insulative 
film 13 is provisionally formed under the pixel array 
9, and will serve as an etching stopper in a later step. 30 
The underlying insulative film 13 is composed of, for 
example, a silicon oxide film, a silicon nitride film or 
a composite film thereof. 

Next, as shown in figure 1(B), the second step is 
to bond the transparent support substrate 5 to the 35 
major face 4 of the semiconductor substrate 3 by 
means of the adhesive layer 7. The transparent sup- 
port substrate 5 is composed of, for example, glass, 
quartz or sapphire, and preferably has a thermal ex- 
pansion coefficient comparable to that of the semi- 40 
conductor substrate 3. Further preferably, the level- 
ling layer 20 is interposed between the transparent 
adhesive layer 7 and the semiconductor substrate 3 
to compensate for any unevenness of the major face. 
Although the transparent support substrate 5 is ad- 45 
hered over the whole portion of the major face on 
which the drive circuit 8 is formed, as shown in figure 
1(B). the transparent support substrate 5 alternative- 
ly can be bonded adhesively over the transparent por- 
tion 2 and only slightly covering the opaque portion 1 . so 
This is because the pixel array 9 in the transparent 
portion 2 has to maintain the mechanical strength in 
the third step of making the pixel array transparent 
Preferably, the extent of overlap of the transparent 
support substrate 5 over the opaque portion 1 is larg- 55 
er than the thickness of both the opaque portion 1 
and the semiconductor substrate 3. In this case, the 
semiconductor substrate 3 acts as reinforcing the 



substrate in the opaque portion 1. 

Subsequently, the third step involves selectively 
removing a thickness of the semiconductor substrate 
3 over a region of the pixel array from the back face 
opposite to the major face 4, thereby making the pixel 
array transparent The third step is carried out by 
etching using a resist mask 22 and using the under- 
lying insulative film 13 as the etching stopper as de- 
scribed before. The semiconductor device for a light 
valve is thus produced by such a manner. Further, as 
shown in figure 1(C), a liquid crystal cell can be as- 
sembled into the transparent portion from which the 
thickness or bulk of the semiconductor substrate is 
removed. 

The present invention utilises a bulk semiconduc- 
tor substrate, and the drive circuit and the pixel array 
are integrally formed by a regular IC process. In con- 
trast to the prior art which uses a composite sub- 
strate, the semiconductor substrate will not suffer 
from thermal deformation under high temperature 
processing, thereby producing the semiconductor de- 
vice for a light valve featuring a compact size, high re- 
solution and large capacity. The drive circuit is com- 
prised of a single crystal transistor thereby achieving 
faster and higher operation characteristics as com- 
pared to the prior art 

The semiconductor substrate formed with the 
drive circuit and the pixel array is reinforced by the 
transparent support substrate along its major face, 
while the thickness or bulk of the semiconductor sub- 
strate is etched away to make the substrate transpar- 
ent. This etching process is applied to the back face 
of the substrate to avoid contamination and destruc- 
tion of any of the elements involved in the drive circuit 
and the pixel array to thereby ensure device reliabil- 
ity. Further, the semiconductor substrate is rein- 
forced by t he transparent support substrate for ensur- 
ing mechanical strength while a window is opened for 
a display in the semiconductor substrate. Moreover, 
a liquid crystal cell or other device can be mounted 
compactly in the display window from which the thick- 
ness of the semiconductor bulk is removed. Further- 
more, since the portion formed with the drive circuit 
has the grater thickness or bulk of the semiconductor 
substrate, any heat generated by the drive circuit can 
be absorbed immediately, so that the drive circuit can 
operate stably whilst suppressing any temperature 
fluctuations and in particular temperature rises. In 
this case, the thickness of the semiconductor sub- 
strate is preferably more than 100nm. 

Embodiments of the present invention will now be 
described with reference to the accompanying draw- 
ings, of which: 

Figures 1(A) to 1(C) are schematic diagrams 
showing a basic concept of the inventive semi- 
conductor device for a light valve and the produc- 
tion method thereof; 

Figures 2(A) and 2(B) are schematic sectional di- 
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agrams showing an embodiment of a TFT which 
constitutes a pixel switching element; 
Figure 3 is a schematic sectional diagram show- 
ing an embodiment where a liquid crystal cell is 
assembled into a top face of the inventive semi- & 
conductor device for a light valve; 
Figures 4(A) to 4(C) are production step diagrams 
of the figure 3 embodiment- 
Figure 5 is a schematic partial sectional diagram 

showing another embodiment of the inventive u 

semiconductor device for a light valve; 

Figure 6 is a schematic diagram showing a light 

shielding structure of a TFT which constitutes a 

pixel switching element; 

Figure 7 is a schematic diagram showing another is 
light shielding structure of a TFT; 
Figure 8 is a schematic diagram showing a fur- 
ther light shielding structure of a TFT; 
Figure 9 is a schematic diagram showing a still 
further light shielding structure of a TFT; 20 
Figure 10 is a schematic diagram showing an- 
other light shielding structure of a TFT; 
Figures 11(A) to 11(G) are diagrams showing IC 
processes involved in the inventive production 
method of the semiconductor device for a light 25 
valve; 

Figures 12(A) to 12(G) are diagrams showing a 
second example of the IC process; 
Figures 13(A) to 13(G) are diagrams showing a 
third example of the IC process; 30 
Figures 14(A)to 14(F) are diagrams showing a 
fourth example of the IC process; 
Figure 15 is a diagram ilustrating a pad being 
formed to a counter electrode; 

Figures 16(A) to 16(D) are diagrams showing a 35 
fifth example of the IC process; 
Figure 17 is a diagram showing a sixth example 
of the IC process; 

Figures 18(A) and 18(B) are diagrams showing a 
first example of an etching process from a back 41 
face which is part of the inventive production 
method of the semiconductor device for a light 
valve; 

Figures 19(A) to 19(C) are diagrams showing a 
second example of the etching process; 45 
Figure 20 is a diagram showing a third example 
of the etching process; 

Figures 21(A) and 21(B) are diagrams showing a 
fourth example of the etching process; 
Figures 22(A) to 22(C) are diagrams showing a so 
fifth example of the etching process; 
Figures 23(A) to 23(D) are diagrams showing a 
sixth example of the etching process; 
Figures 24(A) and 24(B) are diagrams showing a 
seventh example of the etching process; 55 
Figures 25(A) to 25(D) are diagrams showing an 
eighth example of the etching process; 
Figure 26 is a schematic plan view showing a driv- 



ing substrate of a conventional active matrix liquid 
crystal display device; and 
Figure 27 is a schematic structural diagram of a 
pixel array formed in the conventional drive sub- 
strate. 

Preferred embodiments of the present invention 
will now be described in detail with reference to the 
drawings. 

Figure 2 is a schematic sectional diagram show- 
ing one embodiment of a switching element involved 
in the pixel array. In this embodiment as shown in fig- 
ure 2(A), the pixel switching element is comprised of 
a polysilicon TFT 25. In more detail, a polysilicon thin 
film 27 is provided in a predetermined pattern on an 
underlying insulative film 26. A pair of source region 
S and drain region D are formed in one part of the 
polysilicon thin film 27 in the form of a high density 
impurity region. Agate electrode G is patterned on a 
channel region disposed between both of the regions 
S, D, and is disposed through a gate insulating film 
29a. Another part of the polysilicon thin film 27 is ex- 
tended to form a pixel electrode 28. 

Preferably, the thickness of the pixel electrode is 
set in the range of 50nm ± 10nm to effectively obtain 
optimum balance transmissive characteristics for 
three primary colour (RGB) incident lights. Such a 
structure of the TFT 25 and the pixel electrode 28 is 
coated by an intermediate insulating film 29. Further, 
a metal lead 30 composed of aluminium or other such 
material, to the TFT through a contact hole opened in 
the intermediate insulating film 29. Apart of the metal 
lead 30 covers an active region of the TFT 25 to func- 
tion as light shielding film. Though the TFT is com- 
posed of the polysilicon thin film in this embodiment, 
the present invention may not be limited to such a 
structure. Alternatively, an amorphous silicon thin 
film or single crystalline silicon thin film may be used 
in place of the polysilicon thin film. Further, the 
switching element may be comprised of a diode in 
place of the TFT. 

Figure 2(B) shows a variation of the TFT shown 
in figure 2(A). In this variation, a section of the pixel 
electrode 28 is thinned exclusively in the order of 
50nm to selectively achieve transparency in the pat- 
terned polysilicon thin film 27. On the other hand, the 
remaining section of the polysilicon thin film 27 has 
a sufficient thickness to provide an active region of 
the TFT 25 so as to improve the transistor perfor- 
mance. 

Figure 3 is a schematic sectional diagram show- 
ing one embodiment of the inventive semiconductor 
device for a light valve. A semiconductor substrate 31 
is divided into a opaque portion 32 having a certain 
bulk thickness, and a transparent portion 33 from 
which the bulk thickness is removed. A drive circuit 
(not shown) is formed in a major face 34 of the sem- 
iconductor substrate 31 within the opaque portion 32. 
Preferably, the semiconductor substrate 31 in the 
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opaque portion 32 has a thickness sufficient to pre- 
vent light transmittance: eg. over 10^m in thickness. 
Furthermore, if the thickness of the semiconductor 
substrate 31 in the opaque portion 32 is over lOO^m 
then this obviates any temperature increase caused s 
by heat generated in the drive circuit. On the other 
hand, a pixel array is formed on an underlying insu- 
lative film 35 within the transparent portion 33. The 
pixel array contains a switching element in the form 
of a TFT 36. The semiconductor substrate 31 is bond- 10 
ed to a transparent support substrate 38 by means of 
a sealer37 for reinforcement. In this embodiment, the 
transparent support substrate 38 is placed in registra- 
tion with the transparent portion 33 or display window 
portion to serve as a counter substrate. Namely, a liq- 15 
uid crystal layer 39 is filled between the underlying in- 
sulative film 35 and the counter substrate 38 to con- 
stitute a liquid crystal cell. Further, the underlying in- 
sulative film 35 is supported by the filled liquid crystal 
layer 39 and one or more spacers 40. The spacer 40 20 
is provided just over the TFT 36 to improve a pixel 
open rate. 

Although the liquid crystal cell is of an active ma- 
trix type in this embodiment, the present invention is 
not limited to such a construction. Alternatively, a sim- 25 
pie matrix structure may be adopted in place of the 
active matrix structure, which only has stripes of 
transparent pixel electrodes. Further, a transparent 
resin may be filled in the display window portion from 
which the bulk thickness is removed for reinforce- 30 
ment of the transparent portion 33. In addition, a sec- 
ond transparent support substrate may be bonded ad- 
hesively for reinforcement onto the transparent por- 
tion 33. 

Figure 4 is a diagram showing a production meth- 35 
od of the figure 3 device in which the liquid crystal cell 
is disposed on the top major face. Figure 4 shows 
when a polysilicon TFT is used as a switching element 
m the pixel array. In a first step shown in figure 4(A), 
an IC process is applied to a top majorface of a sern^ 40 
iconductor substrate 41 composed of a bulk single 
crystai silicon to form a peripheral drive circuit and a 
pixel array. In this embodiment, the peripheral drive 
circuit contains a regular silicon single crystal transis- 
tor 42 which is directly and integrally formed in the 45 
majorface of the semiconductor substrate 41. On the 
other hand, the pixel array is formed on a transparent 
insulating film 43 which is obtained by surface LO- 
COS oxidation of the semiconductor substrate 41. 
This pixel array includes a polysilicon TFT 44 and a 50 
pixel electrode 45 which is formed in an extended part 
of a drain region of the TFT 44. Those of the silicon 
transistor 42 and the polysilicon TFT 44 are coated by 
an intermediate insulating film 46 composed of PSG 
or else. Lastly, a contact hole is opened through the 55 
intermediate insulating film 46, a metal lead 47 is 
formed, and a thin protective film or passivation film 
48 is coated thereover. Subsequently, the fabrication 



step switch to the back face so that a portion where 
the peripheral drive circuit is provided is selectively 
covered by a resist mask 49 composed of silicon nitr- 
ide or else having a certain etching resistance. The 
resist mask 49 is patterned by, for example, a two-fa- 
ce aligner. 

In the next step shown in figure 4(B), a transpar- 
ent support substrate 51 is bonded to the top face of 
the semiconductor substrate 41 by means of a sealer 
50. Prior to this step, an orientation film 52, made of 
polyimide or else, is formed on a surface of the pixel 
array. On the other hand, a counter electrode 53 and 
another orientation film 54, made of polyimide, are 
provisionally formed on an inner surface of the trans- 
parent support substrate 51. After the semiconductor 
substrate 41 and the transparent support substrate 
51 are laminated to each other, liquid crystal is filled 
in a gap between both of the substrates. to form a liq- 
uid crystal layer 55. Further a support post or spacer 
56 is provisionally provided on top of each TFT 44 by 
means of screen printing or other methods. 

In the last step shown in figure 4(C), the semicon- 
ductor substrate 41 is etched through the resist mask 
49 to remove the bulk thickness just under the pixel 
array to make the same transparent This etching 
process utilises an alkali etchant such a KOH solu- 
tion. An end point of the etching process is automat- 
ically determined by the underlying insulative film 43 
functioning as an etching stopper. Components on 
the top face are eliminated from the view of the figure 
4(C) for clarity. 

Figure 5 is a partial sectional diagram schemati- 
cally showing an opaque portion 61 of another em- 
bodiment of the semiconductor device for a light valve 
according to the present invention. A semiconductor 
substrate 62 is formed with a drive circuit in the sur- 
face, comprised of a silicon transistor 63 of an insu- 
lating gate field effect type. Individual transistors 63 
are separated from each other by a field oxide film 64. 
A metal lead 66 and a pad electrode 67 electrically 
connected thereto, are provided for external coupling 
and are formed in a given pattern over an intermedi- 
ate insulating film 65. Further, the drive circuit except 
for the pad electrode 67 is coated by a passivation 
film 68. A transparent support substrate 69, com- 
posed of glass or else, is bonded to the semiconduc- 
tor substrate through an adhesive layer 70. Prefer- 
ably, the adhesive layer 70 is composed of a silicon- 
dioxide paste which will be cured by heating or ultra- 
violet ray irradiation. Further, a levelling layer 71 is in- 
terposed between the adhesive layer 70 and the pas- 
sivation film 68. Preferably, the levelling layer 71 is 
also composed of silicondioxide material suff icientfor 
significantly absorbing any surface unevenness of 
the semiconductor substrate 62. 

In this embodiment, the transparent support sub- 
strate 69 is removed partly over the pad electrode 67 
thereby facilitating external connection. In ordertore- 
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move partly the transparent support substrate 69, af- 
ter an individual semiconductor device for light valve 
is cut out by a scriber at a line indicated by the arrow, 
a part of the transparent support substrate 69 is se^ 
lectively separated along a line indicated by the re- s 
verse triangle mark. An end part of the transparent 
support substrate 69 to be cut away is provisionally 
formed with an undercut effective to avoid contact 
with the pad electrode 67. Although the transparent 
support substrate 69 is formed over the drive circuit 10 
as shown in figure 5, the transparent support sub- 
strate 69 may of course, not be formed covering the 
drive circuit but only covering the opaque portion 61. 

Description will now be given for various embodi- 
ments with regard to a light shielding structure of TFT 1 s 
in conjunction with figures 6 to 1 0. Generally, the TFT 
used for a pixel switching element has a tendency to 
increase leak current upon irradiation by an incident 
light. To compensate for this, it is expedient to add an 
adequate light shielding structure when utilising the 20 
TFT in the semiconductor device used for a light 
valve. 

Figure 6 shows a first example of a light shielding 
structure. A pixei switching element is provided in the 
form of a TFT 82 on an underlying insulative film 81 . 25 
The TFT 82 is comprised of a source region S and a 
drain region D formed in a thin polysilicon film 83, and 
a gate electrode G formed over a gate insulating film 
(not shown). Alight shielding film 84 is disposed on a 
back face of the underlying insulative film 81 , and is 30 
patterned in registration with an active region of the 
TFT 82. The light shielding film 84 may be composed 
of a high melting point metal, a silicide or a silicon. 

Figure 7 shows a second example of a light 
shielding structure. An electrically conductive light 35 
shielding film 92 is formed on a top face of an under- 
lying insulative film 91 in a given pattern. A thin insu- 
lating film 93 is provided to cover the light shielding 
film 92. Further, a patterned polysilicon is formed 
over the film 93 to provide a TFT 95 for a pixel switch- 40 
ing element in a manner similar to the previous exam- 
ple. In this example, the electrically conductive light 
shielding film 92 is disposed just under a channel re- 
gion of the TFT 95 through the thin insulating film 93 
to thereby function as a "back gate electrode". 45 

Figure 8 shows a third example of a light shielding 
structure. A TFT 102 is formed on an underlying in- 
sulative film 101 in a manner similar to the other ex- 
amples. A patterned metal lead 104 is formed there- 
over through an intermediate insulating film 1 03, and so 
is electrically connected to a source region of the TFT 
1 02. A part of this metal lead 104 is extended to cover 
an active region of the TFT 102 to thereby function as 
a light shielding film. 

Figure 9 is a schematic sectional diagram show- 55 
ing a fourth example of a light shielding structure. 
This example is a combination of the light shielding 
constructions shown in figures 6 and 8. Namely, a 



TFT 111 is shielded from the top and bottom to there- 
by almost perfectly suppress any photo-leak current. 
An upper light shielding film is composed of a part of 
a metal lead 112, and a lower light shielding film is 
composed of a pattern film 1 1 4 formed on a back face 
of an underlying insulative film 113 in registration with 
the TFT 111. 

Figure 10 is a schematic sectional diagram show- 
ing a fifth example of a light shielding structure. This 
example is a combination of the light shielding struc- 
tures shown in figure 7 and 8 such that a TFT 121 is 
almost completely ied from above and below. An 
upper light shielding ,rn is composed of a part of a 
metal lead 122, while a lower light shielding film is 
composed of an electrically conductive pattern film 
123 which functions also as a back gate electrode. 

Description is now given for the production meth- 
od of a semiconductor device for a lightvalve accord- 
ing to the present invention. Figure 11 shows when a 
polysilicon TFT is used as a switching element in the 
pixel array. 

The production method is generally divided into 
two steps. 

In a first step, an IC process is applied to a sem- 
iconductor substrate to form a pixel array and a drive 
circuit. In the succeeding step, the semiconductor 
substrate is selectively etched to achieve transparen- 
cy. Hereinafter, example of the IC process will be de- 
scribed with reference to figures 11 to 17. Further, ex- 
amples of the etching process or transparency proc- 
ess will be described with reference to figures 18 to 
25. Thereafter described various initial and succeed- 
ing steps can be effected in a different manner to the 
order described and may be selected according to 
structure, material and usage of the semiconductor 
device for a light valve. 

Initially referring to figure 11, a first example of 
the IC process will be explained. This example utilises 
a bulk single crystal silicon (monosilicon) substrate. In 
step A, a field oxide film 131 is formed on a surface 
of a silicon substrate S for device isolation. Concur- 
rently, an impurity is doped into a well to provide a de- 
vice region, or field doping is also carried out Fur- 
ther, a resist mask composed of a silicon nitride or 
else is provisionally formed on a back face of the sil- 
icon substrate S. Next in step B, a thin oxide film 133 
is formed on a surface of the device region 132. Then, 
in step C, a polysilicon thin film 134 is formed on a 
surface of the field oxide film 131 in a given pattern, 
and thereafter the thin oxide film 133 is removed to 
make dean the device region 132. In a later step, a 
TFT is formed for pixel switching in the polysilicon 
thin film 134. Further, the field oxide film 131 just un- 
der the polysilicon thin film 1 34 will serve as an etch- 
ing stopper in a later step. Then in step D, a gate in- 
sulating film 135 is concurrently formed on both of 
the device region 132 and the polysilicon thin film 
134. Concurrently, channel doping is carried out. In 
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step E, individual gate electrodes 136 are formed in 
a given pattern over the device region 132 and the 
polysilicon thin film 134 through the gate insulating 
film 135. Further an impurity is introduced by ion im- 
plantation in self-alignment manner using each gate s 
electrode 1 36 as a mask to thereby form a source re- 
gion S and drain region D. 

In such a manner, this example is advantageous 
in that the substrate is concurrently formed with 
those of a silicon transistor 137 which constitutes a 10 
drive circuit element and a polysilicon TFT 138 which 
constitutes a pixel switching element. In addition, a 
pixel element can be formed of the same polysilicon 
thin film concurrently with the TFT 138. Subsequent- 
ly in step F, an intermediate insulating film 134 com- 15 
posed of PSG or else is entirely deposited over the sil- 
icon substrate S. Then, contact holes are formed 
through an intermediate insulating film 139 in com- 
munication with source and drain regions of the sili- 
con transistor 137 and with a source region of the TFT 20 
138. Lastly in step G, a metal lead film 140 is formed 
on the intermediate insulating film 134 in a given pat- 
tern. 

Then, a passivation film 141 is coated. At this 
stage, the passivation film 141 is patterned so as to 25 
expose a pad electrode 142 for external connection. 
Thereafter, after bonding adhesively the transparent 
support substrate (not shown), the processing ad- 
vances to the succeeding steps for the etching proc- 
ess. As described before, the field oxide f flm 1 31 over 30 
which the pixel array including the TFT 138 is formed, 
serves as an etching stopper. The field oxide film 1 31 
has a thickness normally in the range of 0.5-1. Oum. 

Figure 12 is a schematic step diagram showing a 
second example of the IC process. A pixel array will 35 
be formed on a right half portion of the figure, and a 
drive circuit will be formed on a left half portion of the 
same figure. First in step A, a field oxide film 151 is 
formed on a surface of a bulk single crystal silicon 
substrate S. Basically, the step is similar to step A of 40 
the first example shown in figure 11; however, this 
step is different in that a field oxide film is not formed 
in a portion where a pixel array is to be formed. Then 
in step B, a thin oxide film 152 is formed on an ex- 
posed surface of the silicon substrate S. Subsequent- 45 
ly in step C ( a silicon nitride film 153 is formed on the 
right half portion. Further, a silicon oxide film 154 is 
formed entirely over the silicon substrate S. This sili- 
con oxide film 154 is provided to ensure junction sta- 
bility relative to a later formed TFT as well as to im- 50 
prove adhesion. In step D, a polysilicon thin film 155 
is formed in a given pattern over the silicon oxide film 

154. Subsequently the previously formed thin oxide 
film 152 is removed from the device region 156. In 
step E, a gate oxide film 157 is formed over both of 55 
the device region 156 and the polysOicon thin film 

155. Subsequently in step F, respective gate electro- 
des 158 are formed. Then, an impurity is doped by ion 



implantation to form a source region S and drain re- 
gion D. 

By such manner, a regular silicon transistor 159 
is formed in the device region 156, and a TFT 160 and 
a pixel electrode are formed in the polysilicon thin film 
155. In a manner similar to figure 11, the present 
method features that both of the drive circuit portion 
and the pixel array portion can be subjected concur- 
rently to various treatments such as the gate oxide 
film forming process of a transistor, the channel dop- 
ing process, the gate electrode forming process, and 
the impurity doping process for forming source/drain 
regions. 

Lastly, in step G, a surface of the silicon substrate 
S coated with an intermediate insulating film 161. 
Thereafter, a metal lead 162 is formed in a given pat- 
tern. Further, a passivation film 163 is coated. After 
bonding adhesively the transparent .support sub- 
strate, the processing is switched to the back face of 
the substrate to make the silicon substrate S trans- 
parent. In this case, an etching stopper is provided in 
the form of a composite film composed of the previ- 
ously formed oxide film 152 and nitride film 153. 

In contrast to the field oxide film shown in figure 
11, this composite film is significantly thin, thereby 
improving driving efficiency when a liquid crystal cell 
or other device is assembled on the back face of the 
substrate. 

Figure 13 is a step diagram showing a third ex- 
ample of the IC process. First in step A, a field oxide 
film 171 is formed over a bulk single crystal silicon 
substrate for device isolation. In a manner similar the 
first example shown in figure 11, the field oxide film 

1 71 is provided entirely to cover a portion where a pix- 
el array is to be formed in this example. In step B, an 
underlying silicon nitride film 172 is formed in a given 
pattern over the field oxide film 171 within the portion 
assigned to a pixel array. At this stage, the nitride film 

1 72 is partly removed for electrode connection in ad- 
vance. Further, a thin oxide film 174 is formed on a 
surface of each device region 173 within another por- 
tion where a drive circuit is to be formed. In step C, a 
silicon oxide film 175 is grown over the nitride film 
172. A polysilicon thin film 176 is formed in a given 
pattern over the film 175. By interposing the oxide 
film 175, the condition of the junction to the polysili- 
con thin film 176 can be improved as well as improv- 
ing the adhesion characteristic. Further, the thin ox- 
ide film 174 left on the device region 173 is removed. 
In step D, a gate oxide film 177 is formed concurrently 
on both of the polysilicon thin film 176 and the device 
region 173. Further, channel doping is also carried 
out concurrently for both the portions. In step E, gate 
electrodes 178 are formed concurrently in both the 
portions, and then ion implantation is conducted us- 
ing the gate electrode as a mask to form concurrently 
a source region S and a drain region D. 

By such a manner, a transistor 179 is formed in 
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the device region 173 for construction of a driver cir- 
cuit, and a TFT 180 is formed in the polysilicon thin 
film 177 for pixel driving. Next in step F, an intermedi- 
ate insulating film 181 is deposited over the silicon 
substrate S. A patterned metal lead film 1 82 is formed s 
thereover so as to achieve electrical connection 
among the transistor elements through contact holes 
provided in the intermediate insulating film 181. At 
this stage, another metal lead 182 is formed in regis- 
tration with the section 1 83 from which the nitride film w 
172 has been provisionally removed to thereby pro- 
vide a pad for electrical connection to a counter elec- 
trode. Further, a passivation film 184 is coated entire- 
ly to protect the semiconductor device. However, the 
metal lead film 1 82 is locally uncoated so as to expose 15 
a section assigned to the pad electrode. After bonding 
the transparent support substrate on to the surface 
with the transistor 179 and TFT 180, the processing 
is switched to a back face of the substrate to etch 
away a bulk of the silicon substrate S to make the pix- 20 
el array portion transparent For example, KOH solu- 
tion is used as an etchant and the field oxide film 171 
serves as an etching stopper. Lastly in step G, an 
etchant is switched to hydrofluoric acid solution to 
etch away the field oxide film 171 and the intermedi- 25 
ate insulating film 181 from exposed parts. At this 
stage, the intermediate insulating film 181 composed 
of PSG or else is etched away by self alignment 
through the open section 183 free of the nitride film 
1 72 so that the metal lead 182 is exposed to the back so 
face for connection to a counter electrode. A liquid 
crystal cell may be assembled in the display window 
portion formed by the removal of the bulk of the sili- 
con substrate. In such a case, a counter electrode 
formed on a counter substrate is electrically connect- 35 
ed to the exposed metal lead 182. In this embodi- 
ment, the field oxide film 171 is removed from the 
transparent portion. Hence a pixel electrode com- 
posed of the polysilicon thin film 176 can be disposed 
close to a liquid crystal layer filled in the liquid crystal 40 
cell. 

Figure 14 is a schematic step diagram showing a 
fourth example of the IC process. A drive circuit will 
be formed in a left half portion of the figure, and pixel 
array will be formed in a right half portion of the same 45 
figure. In this example, a SOI substrate is utilised in 
place of the semiconductor substrate composed of a 
bulk single crystal silicon. The SOI substrate is con- 
structed such that a monosilicon layer is laminated on 
a monosilicon wafer through a buried insulating film 50 
BOX. In constrast to a conventional composite sub- 
strate in which a quartz glass wafer and a monosilicon 
wafer are laminated with each other, the SOI sub- 
strate is composed of the same silicon material for the 
upper and lower layers interposed with the insulating 55 
film. Consequently, there is no substantial difference 
in thermal expansion coefficients for withstanding 
any high temperature process. 



First, in step A, a monosilicon layer 191 is provid- 
ed on the insulating film BOX and is partly etched to 
expose the insulating film BOX within a portion where 
the pixel array is to be formed. A well is formed in the 
monosilicon layer 191 which isleftwithin anotherpor- 
tion where the drive circuit is to be formed. In step B, 
a patterned polysilicon thin film 192 is formed over 
the exposed insulating film BOX Subsequently in 
step C, LOCOS process is applied to the monosilicon 
layer 191 to form a field oxide film 193 for device iso- 
lation. In step D, a gate oxide film 195 is formed over 
both of the device region 194 and the polysilicon thin 
film 1 92. Further, channel doping is conducted to reg- 
ulate threshold levels. Subsequently in step E, a pat- 
terned gate electrode 196, composed of a polysilicon 
or else, is concurrently formed on both of the device 
region 194 and the polysilicon thin film 192 through 
the gate oxide insulating film 195. Further, ion im- 
plantation is conducted in self alignment manner us- 
ing the gate electrode 196 as a mask so as to dope a 
desired impurity to thereby form a source region S 
and a drain region D. 

By such a manner, a transistor 197 is formed in 
the device region 194 for a drive circuit, while a TFT 
1 98 for pixel switching is formed in the polysilicon thin 
film 192. Further, an extended section of the drain re- 
gion D of the pixel switching TFT 198 constitutes a 
pixel electrode. Lastly in step F, the insulating film 
BOX formed thereon with the transistor elements is 
covered by an intermediate insulating film 199. A met- 
al lead film 200 is formed over the film 199. Further, 
a passivation film 201 is deposited on the f flm 200. Af- 
ter bonding adhesively a transparent support sub- 
strate onto the surface with the transistors, the proc- 
essing is switched to a back face of the substrate. The 
present example utilises, as described before, the 
SOI substrate in which the silicon single crystal wafer 
S is laminated on a back face of the underlying insu- 
lating film BOX. In this example, this silicon wafer is 
removed to make the pixel array portion transparent 
Further, the switching TFT may be made of single 
crystal silicon without processing the steps A and B 
(not shown in the figure). Furthermore, a part of the 
single crystal silicon, which is disposed on a back 
face of the underlying insulating film BOX under a 
portion the pixel array, may be removed. 

Figure 15 shows a variation of figure 14, where a 
metal lead for connection to a counter electrode is 
provided on a top face of the SOI substrate. As shown 
in the figure, the metal lead 200 is patterned over the 
intermediate insulating film 199 and the insulating 
film BOX is positioned under them. Aresist202 is pat- 
terned on the back face of the insulating film BOX so 
as to surround the metal lead 200. The insulating film 
BOX composed of silicon oxide material, and the in- 
termediate insulating film 199, composed of PSG or 
else, are selectively etched away through the pat- 
terned resist using an etchant, composed of hydro- 
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fluoric acid or else, to thereby expose the back of the 
metal lead 200. In a later step, this exposed metal 
lead 200 will be electrically connected to a counter 
electrode which is formed on an internal surface of a 
counter substrate of a liquid crystal cell. 5 

Figure 16 is a schematic step diagram showing a 
fifth example of the IC process. In a manner similar 
to figure 14, the SOI substrate is utilised to constitute 
a semiconductor device for a light valve. A pixel array 
will be formed on a right half portion of the figure, and 10 
a drive circuit will be formed on a left half portion of 
the same figure. First in step A, a monosilicon layer 
B on an insulating film BOX is subjected to doping for 
forming a well, and to field doping. Thereafter a LO- 
COS process is applied to form a field oxide film 211 . 15 
The field oxide film 211 entirely covers a portion 
where a pixel array is to be formed, while individually 
isolated device regions 212 are provided in another 
portion where a drive circuit is to be formed. Further, 
a thin oxide film 214 is formed over the device region 20 
212. In step B, a patterned polysllicon thin film 213 is 
formed on the field oxide f ilm 211. In addition, the thin 
oxide film 214 is removed from the device region 212. 
In step C, a silicon transistor 215 of the drive circuit 
and a TFT 216 for pixel switching are concurrently 25 
formed in a manner similar to the previous examples. 
Further, the polysilicon thin film 213 is partly extend- 
ed to form a pixel electrode. In step D, the silicon tran- 
sistor 215 and the TFT 216 are covered by an inter- 
mediate insulating film 217. Thereafter, a patterned 30 
metal lead 218 is formed over the film 217. Further, 
though not shown in the figure, a passivation film is 
coated over the metal lead 218. After bonding the 
transparent support substrate onto the surface of the 
substrate SOI with the transistors, the processing is 35 
switched to a back face of the substrate such that the 
back silicon wafer is entirely removed using the un- 
derlying insulating film BOX of the SOI substrate as 
an etching stopper. The etchant may be composed of 
an alkali KOH solution. At this stage, the pattern of 40 
the top face can be viewed from the back face 
through the transparent insulating film BOX. Conse- 
quently, a patterned resist 219 is formed directly on 
the back face of the BOX to selectively cover the drive 
circuit portion without using a two-face aligner. The 45 
insulating film BOX and the monosilicon layer S are 
further etched away through the resist 219 to thereby 
expose a back face of the field oxide film 211 posi- 
tioned on the pixel array portion. 

Figure 17 shows a variation of figures 16(D) but so 
a thinned form. This variation has basically the same 
construction; however, a pixel array portion is not pro- 
vided on a field oxide film, but is provided on a thin 
oxide film 220. In such a structure, a monosilicon lay- 
er S of the SOI substrate is etched away using the 55 
thin oxide film 220 as an etching stopper so that the 
monosilicon layer S is selectively removed from the 
pixel array portion. In this variation, the distance be- 

9 



tween a pixel electrode and a liquid crystal layer (not 
shown) is further reduced to more efficiently transmit 
a drive voltage to thereby improve an image display 
quality, as compared to the figure 16 structure. 

The description will now turn to the etching proc- 
ess of the backface in conjunction with figures 18-25. 
The transparent support substrate disposed at the 
surface side and the adhesive layer are omitted from 
figures 18 to 25. The transparent support substrate 
disposed at the surface side and the adhesive layer 
are omitted from figures 18 to 25. 

Figure 18 is a first example of the etching process 
in which a bulk monosilicon substrate is etched from 
a back face. First in step A of the preceding IC proc- 
ess, a stopper film 231 is provisionally formed on a 
top face of a silicon single crystal substrate S. The 
stopper film 231 may be composed of a silicon oxide 
film, a silicon nitride film or a composite film thereof. 
Though not shown in the figure, a pixel array is 
formed on the stopper film 231. On the other hand, 
a drive circuit is formed on another portion outside 
the stopper film 231. In the IC process, a patterned 
resist film 232 is provisionally formed on the back 
face of the monosilicon substrate Si. The resist film 
232 may be composed of a silicon nitride film, and 
may be patterned by means of a two-face aligner. 
Subsequently in step B, after bonding adhesively the 
transparent support substrate onto the other surface 
of the single crystal S substrate (not shown in the fig- 
ures), the monosilicon substrate S is etched away 
through the resist mask 232 to make the pixel array 
portion transparent 

The monosilicon substrate S is etched by a KOH 
solution to reach the stopper film 231. This example 
utilises the two-face aligner which rather complicates 
the preceding IC process. Further, the resistfilm232 
is rather easily damaged by scratching or other ef- 
fect In addition, the monosilicon substrate S normally 
has a bulk thickness in the order of 500-600 u.m, 
thereby disadvantageous^ generating a great step or 
gap g. Such a steep step would hinder assembling of 
a liquid crystal cell in a later process. 

Figure 19 is a schematic step diagram showing a 
second example of the etching process. In this exam- 
ple, as shown by step A, an epitaxial silicon substrate 
is adopted. An epitaxial layer 242 is provided on a sil- 
icon substrate 241. The epitaxial layer 242 has an im- 
purity density set lower than that of the silicon sub- 
strate 241 . For example, the silicon substrate 241 has 
an impurity density more than 1 X 10 ts crrr 3 , while the 
epitaxial layer 242 has an impurity density less than 
1 X 10 18 cnr-3 Next, in step B of the IC process, an 
impurity is selectively doped into a pixel array portion 
at a high density to turn the epitaxial layer into P+ 
type of N+ type: the same as the substrate 241 . Fur- 
ther, a stopper film 243 is formed thereover. Then, 
though not shown in the figure, a pixel array and a 
drive circuit are concurrently formed by the IC proc- 
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ess. Thereafter the transparent support substrate is 
bonded adhesively onto a surface of the silicon sub- 
strate (not shown in the figures). 

In the next step C, the etching process of the 
back face is conducted. This example utilises an etch- 5 
ant composed of a mixture of hydrofluoric acid, nitric 
acid and acetic acid to effect selective etching based 
on the impurity density difference. Namely, the 
above etchant substantially does not etch a low den- 
sity impurity region, while the same etchant selective- 10 
ly etches a high density impurity region. Accordingly 
in step C, the silicon substrate 241 of the P+ or N+ 
/ type is entirely removed first, and then the high den- 
sity epitaxial layer is likewise etched just under the 
stopper film 243. On the other hand, the P~ or N" type 15 
epitaxial layer 242 formed with the drive circuit is left 
as it is without being etched. 

Alternatively, the silicon substrate 241 may not 
be subjected to complete etching but the silicon sub- 
strate may be ground until an intermediate stage 20 
thereby speeding up the processing. As described 
above, the present example utilises the selective 
etching based on the difference in etching rates due 
to the difference in impurity density. The transparent 
pixel array can thus be realised without using the 25 
two-face aligner. 

Further, only the low density epitaxial layer 242 
is left in the last stage, thereby reducing the gap g. 

Figure 20 is a schematic step diagram showing a 
third example of the etching process. As described 30 
above, the figure 19 method uses the epitaxial sub- 
strate to remove a bulk thickness of the back face by 
selective etching without using the two-face aligner. 
However, the epitaxial substrate is disadvantageous- 
ly more expensive than a regular bulk monosilicon 35 
substrate. In view of this, the present example applies 
the selective etching technology to the bulk monosi- 
licon substrate. First in step (A) of the IC process, a 
stopper film 251 is formed on a pixel array area. Fur- 
ther, a P type impurity is doped with a high density un- 40 
der the stopper film 251 within its border. Such doping 
can be effected by ion implantation which is effective 
to adjust a depth of a high density impurity region 252 
by regulating acceleration energy. In this example, 
the region 252 has a depth in order of 10 urn. There- 45 
after the transparent support substrate is bonded ad- 
hesively onto a surface of the single crystal silicon 
substrate with the pixel area (not shown in the fig- 
ures). In step (B), the monosilicon substrate S is 
ground from a back face to reduce its thickness to 10 so 
u,m. Next, the high density impurity region 252 is se- 
lectively etched away by using a solution containing 
hydrofluoric acid, nitric acid and acetic acid at the ra- 
tio of 1: 3 : 8. As a consequence, the pixel array can 
be made transparent without using the two-face 55 
aligner. Further, the gap g can be reduced to 10 urn. 

Figure 21 is a schematic step diagram showing a 
fourth example of the etching process. This example 



also adopts the selective etching technology. How- 
ever, an etchant composed of an alkali KOH solution 
is used in place of a solution of hydrofluoric acid, nitric 
acid and acetic acid. The KOH solution is blocked 
from etching by a silicon oxide film and a silicon nitride 
film. In addition, the etching reaction of the KOH sol- 
ution is stopped by a B type high density impurity lay- 
er. 

First, in step (A) of the IC process, a stopper film 
262 is provisionally formed over a silicon single crys- 
tal substrate 261 to cover a pixel array area. Though 
not shown in the figure, a pixel switching TFT and 
other elements are formed on the stopper film 262 by 
the IC process. On the other hand, a silicon layer 263 
is reserved on a drive circuit area in which transistor 
elements are integrally formed by the same IC proc- 
ess. In this example, a P type high density impurity 
layer 264 is buried just under the monosilicon layer 
263. This burying process is conducted by ion implan- 
tation while adjusting the acceleration energy. There- 
after the transparent support substrate is bonded ad- 
hesively onto a surface of the single crystal silicon 
substrate (not shown in the figures). In next step (B), 
the silicon substrate 261 is removed and made trans- 
parent by using an etchant composed of KOH solu- 
tion. As described before, the P type high density im- 
purity layer 264 is hardly etched by the KOH solution, 
and is therefore left as it is. The high density impurity 
layer 264 which is left has a thickness in the order of 
several \sm to thereby significantly reduce the gap g. 

Figure 22 is a schematic step diagram showing a 
fifth example of the etching process. In step (A) of the 
IC process, a stopper film 272 is formed on a top face 
of a monosilicon substrate 271. Though not shown in 
the figure, thereafter a drive circuit and a pixel array 
are formed integrally by the IC process. Thereafter 
the transparent support substrate is bonded adhe- 
sively onto a surface of the single crystal silicon sub- 
strate (not shown in the figures). In next step (B) the 
back face is processed. First, a silicon substrate 271 
is thinned to a given thickness in the order of, for ex- 
ample, 2 urn by back face grinding such that the pat- 
tern on the top face can be viewed from the back face. 
Consequently, a patterned resist 273 is formed on the 
ground back face of the silicon substrate 271 to se- 
lectively cover the drive circuit portion without using 
a two-face aligner. In this example, the resist film 273 
is composed of a photo-sensitive f luorocarbon resin 
which has a good chemical resistance to the KOH sol- 
ution. Subsequently in step (C), the KOH solution is 
applied to remove a bulk thickness of the ground sil- 
icon substrate under the stopper film 272. In this ex- 
ample, the gap g can be further reduced to the order 
of 2 um. 

Figure 23 is a schematic step diagram showing a 
sixth example of the etching process. In step (A), a 
bulk thickness of a monosilicon substrate 281 is re- 
moved by a KOH solution to make transparent a por- 



10 



19 



EP0 586 147 A1 



20 



tion under a stopper film 282 in a manner similar to 
step (B) of the figure 1 8 method. As described before, 
at this stage, the silicon substrate 281 which is left 
has a thickness in the order of 500 um so that the gap 
g is still great This relatively large gap g would hinder s 
the assembly of a liquid crystal cell. Thus in order to 
thin the bulk thickness which is left, a back face of the 
silicon substrate is entirely coated by a protective film 
283 in step (B). This protective film 283 may be com- 
posed of silicon rubber. Next in step (C), the back face 10 
of the substrate is ground so that the thickness of the - 
silicon substrate 281 is reduced in the order of 20 u.m. 
Lastly in step (D) f the protective film 283 is removed. 

Figure 24 is a schematic step diagram showing a 
seventh example of the etching process. In step (A) is 
of the preceding IC process, a stopper film 292, com- 
posed of silicon oxide, is provisionally formed over a 
top face of a single crystal silicon substrate 291 within 
a pixel array area. Further, a drive circuit is integrally 
formed, and concurrently posts 293, composed of sil- 20 
icon oxide, are buried in the drive circuit portion. The 
burying depth is in the order of 5-10 u.m. For example, 
after forming trenches, the silicon oxide is deposited 
to fill the trenches. Thereafter the transparent sup- 
port substrate is adhesively bonded onto a surface of 25 
the single crystal silicon substrate (not shown in the 
figures). In next step (B), rough grinding is applied to 
a back face of the single crystal silicon substrate 291 
and then mechanical chemical polishing is carried 
out The mechanical chemical polishing features an so 
extreme selection rate of 1 to 1 000 or more between 
Si0 2 and Si, such that the bulk thickness of the silicon 
substrate can be selectively removed under the stop- 
per film 292. Further, since the silicon oxide posts or 
columns 293 are buried selectively close to each 35 
other, silicon around the posts is also left for avoiding 
any ill affect to the drive circuit disposed on the top 
face. 

Figure 25 is a schematic step diagram showing 
an eighth example of the etching process. In this ex- 40 
ample, a SOL substrate is subjected to the etching 
process. First, in step (A) of the preceding IC process, 
a stopper film 301 is formed in a top face of the SOI 
substrate. This SOI substrate is composed of a lam- 
inate of a back silicon wafer 302, a top monosilicon 45 
layer 303 and an intermediate insulating film 304. 
Though not shown in the figure, a pixel array is 
formed on the stopper film 301, while a drive circuit 
is formed in the remaining portion of the SOI sub- 
strate. Preferably, the monosilicon Iayer303 has a rel- so 
atively great thickness in the order of 1.5 to 2 u.m or 
more so as to stabilise the operating characteristics 
of the drive circuit Moreover, this thickness of 1.5-2 
Jim may be utilised to determine a gap spacing of a 
liquid crystal cell. Thereafter the transparent support 55 
substrate is bonded adhesively onto a surface of the 
substrate SOI (not shown in the figures). In next step 
(B), the silicon wafer 302 is entirely removed using 
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the intermediate insulating film 304 as an etching 
stopper. Subsequently in step (C), a patterned resist 
305 is formed on a back face of the intermediate in- 
sulating film (BOX) 304 in registration with the drive 
circuit portion. At this stage, since the silicon crystal 
layer 303 has a thickness in the order of 1.5-2 urn, a 
pattern of the top face can be viewed from the back 
face to thereby enable correct patterning of the resist 
305 without using a two-face aligner. Lastly in step 
_(D), the intermediate insulating film 304 and the 
monosilicon layer 303 are etched through the resist 
305 to expose a portion under the stopper film 301. 
In this case, the gap g may be finally reduced to the 
order of 2 to 5 ± 0.5 u.m. 

As described above, according to the present in- 
vention, the semiconductor device for a light valve is 
comprised of a semiconductor substrate having a 
thick opaque portion and a thin transparent portion, 
a pixel arrayformed in the transparent portion, a drive 
circuit formed in the opaque portion, and a transpar- 
ent support substrate laminated to a top major face of 
the semiconductor substrate. In such a construction, 
an IC fabrication process is applied to the semicon- 
ductor substrate, composed of bulk monosflicon, so 
as to concurrently form the pixel array and the drive 
circuit Consequently, a drive circuit which is faster 
and as a higher operation can be realised without in- 
creasing the processing steps. Further, after forming 
the pixel array and the drive circuit in the semicon- 
ductor substrate and laminating the transparent sup- 
port substrate onto the top face of the semiconductor 
substrate, a bulk thickness of the semiconductor sub- 
strate is removed by etching from an area just under 
the pixel array to thereby quite easily make the pixel 
array portion transparent Further, since a portion 
formed with the drive circuit has a thickness or bulk 
of the semiconductor substrate, the heat generated 
by the drive circuit can be absorbed immediately, so 
that the drive circuit operates stably. 

The aforegoing description has been given by 
way of example only and it will be appreciated by a 
person skflled in the art that modifications can be 
made without departing from the scope of the present 
invention. 



Claims 

1- A semiconductor device for a light valve compris- 
ing 

a substrate (3) having an opaque portion 
and a transparent portion, 

a pixel (9) formed on the transparent por- 
tion, 

a drive circuit (8) formed on the opaque 
portion for driving the pixel, 
characterised by 

a transparent support substrate (5) lamin- 
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ated to the substrate over at least the pixel. 

2. A semiconductor device as claimed in claim 1, in 
which the semiconductor substrate has a mono- 
crystalline silicon layer, and the drive circuit com- 
prises a semiconductor integrated circuit formed 
in the major face of the monocrystalline silicon 
layer. 

3. A semiconductor device as claimed In claim 1 , in 
which the semiconductor substrate comprises an 
SOI wafer having a stacked-structure of a silicon 
plate and a monocrystalline silicon layer inter- 
posed with an insulating film. 

4. A semiconductor device as claimed in claim 2 or 
3, in which said opaque portion is formed by the 
semiconductor substrate being thicker relative to 
said transparent portion which is relatively thin. 



A semiconductor device as claimed in claim 6, in 
which the polycrystalline silicon thin film transis- 
tor is formed in a polycrystalline silicon thin film 
and the pixel electrode is made of the polycrys- 
talline silicon thin film having a thickness in order 
of 50nm±10nm. 
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5. A semiconductor device as claimed in any one of 
claims 1 to 4, In which there is a plurality of pixels 
arranged in an active matrix array having pixel 
electrodes arranged in a matrix and switching 
elements of the respective drive circuit for selec- 25 
tively driving individual pixel electrodes. 

6. A semiconductor device as claimed in claim 5, in 
which each switching element comprises any one 

of a polycrystalline silicon thin film transistor, an 30 
amorphous silicon thin film transistor, or a mono- 
crystalline silicon thin film transistor. 



35 



40 



8. A semiconductor device according to any one of 
the preceding claims, in which the or each drive 
circuit and the or each pixel comprises concur- 
rently formed field effect type transistors includ- 
ing a field oxide film, a gate oxide film, a gate 45 
electrode, a source region and drain region. 

9. A semiconductor device as claimed in any one of 
the preceding claims, in which the semiconductor 
substrate has an insulating film (13) disposed as so 
an etching stopper on the transparent portion. 

10. A semiconductor device as claimed in claim 9, in 
which a thickness of the insulating film in a region 
where the pixel is formed is smaller than of the 55 
insulating film in a region where the drive circuit 

is formed. 



11. A semiconductor device according to any one of 
the preceding claims, in which the transparent 
support substrate is made of a transparent inor- 
ganic material having a thermal expansion coef- 
ficient comparable to that of the semiconductor 
substrate. 

12. A semiconductor device as claimed in claim 11, in 
which the transparent inorganic material is at 
least one of a glass, a quartz or sapphire. 

13. A semiconductor device as claimed in any one of 
the preceding claims, further including an adhe- 
sive layer (17) interposed between the transpar- 
ent support substrate and the semiconductor 
substrate. 

14. A semiconductor layer as daimedJnjany one of 
the preceding claims, further including a levelling 
layer (20) interposed between the adhesive layer 
and the semiconductor substrate. 

15. A semiconductor device as claimed in claim 13 or 
14, in which the adhesive layer and the levelling 
layer constitute the transparent support sub- 
strate. 

16. A semiconductor device as claimed in any one of 
the preceding claims, in which the transparent 
portion has a cavity for receiving a counter sub- 
strate (16) so as to construct a light valve. 

1 7. A semiconductor device as claimed in any one of 
the preceding claims, in which the semiconductor 
substrate has a light shielding film (84) disposed 
in registration with at least a part of the drive cir- 
cuit 

18. A method of producing a semiconductor device 
for a light valve characterised by: forming a pixel 
(9) and a drive circuit (8) on a majorface of a sem- 
iconductor substrate (3); laminating a transparent 
support substrate (5) on the major face of the 
semiconductor substrate; and selectively remov- 
ing a thickness of the semiconductor substrate 
from a back face opposite to the majorface over 
a portion in registration with the pixel. 

19. A method of producing a semiconductor device 
as claimed in claim 18, in which forming the pixel 
and drive circuit includes forming an underlying 
stopper film (13) on the major face of the semi- 
conductor substrate in registration with the pixel, 
and removing the thickness includes etching a 
back face of the semiconductor substrate to re- 
move the thickness thereof to reach the stopper 
film. 
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20. A method of producing a semiconductor device 
as claimed in claim 19, in which forming the pixel 
and drive circuit includes forming a first region 
having a relatively high etching rate in a portion 
of the semiconductor substrate disposed under s 
the stopper film, and a second region having a 
relatively low etching rate in another portion of 
the semiconductor substrate disposed outside 
the stopper film, and removing the thickness in- 
cludes applying selective etching to the thickness 10 
of the semiconductor substrate, which uses a dif- 
ferential etch rate. 

21. A method of producing a semiconductor device 

as claimed in claim 20, in which the first region is 15 
composed of an impurity region having a density 
greater than that of the second region, and the 
selective etching is carried out using an etchant 
which is a mixture of hydrofluoric acid, nitric acid 
or acetic acid. 20 

22. A method of producing a semiconductor device 
as claimed in claim 20, in which the second re- 
gion is comprised of an impurity region having a 
density greater than that of the first region, and 25 
the selective etchant includes an alkali etching 
liquid. 

23. A method of producing a semiconductor device 

as claimed in any one of claims 1 8 to 22, in which 30 
removing the thickness includes grinding. 

24. A method of producing a semiconductor device 
as claimed in any one of claims 1 9 to 23, in which 
forming the pixel and drive circuit includes em- 35 
bedding a silicon oxide post (293) into the major 
face of the semiconductor substrate over a por- 
tion outside the stopper film, and removing the 
thickness includes etching the semiconductor 
substrate by mechanical-chemical polishing. 40 
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FIG. 4 (A) 
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